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* | ( 57 > Abstract: The switch device (1) comprises a pair of cavities (51, 52), an elongate passage (2), a non-conductive fluid (53, 
^ 2 54) baving a high electrical resistance, a conductive fluid (1 1, 12, 13) having a high electrical conductivity and an electrical path 
(e.g., 31, 32). The passage is in fluid communication with the cavities and has a substantially elliptical cross-section over at least 
Q part of its length. The non-conductive fluid is disposed in each of the cavities. The conductive fluid is located in the passage. The 
^ electrical path is changeable between a connected state and a disconnected state by the non -conductive fluid (e.g., 53) separating the 
^ conductive fluid (12, 13) in the passage into non -contiguous conductive fluid portions (12 and 13). 
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APPLICATION FOR PATENT 
Switch Device and Method for Manufacturing the Same 
Field of the Invention 

The invention relates to a switch device for electrically switching solid electrodes by 
means of a conductive fluid, and to a method for manufacturing this switch device. 



Background of the Invention 

Published Japanese Patent Application No. S47-21645 discloses an example of a switch 
device for electrically switching solid electrodes by means of a conductive fluid. In this switch 
device, a conductive fluid composed of a liquid such as mercury is disposed movably inside 
a cylinder. The switch device is designed so that the conductive fluid is moved to one side by 
a pressure differential in a gas provided on both sides of the conductive fluid. When the 
conductive fluid moves, it touches electrodes that extend into the interior of the cylinder and 
forms an electrical connection between the electrodes. A drawback to this structure, however, 
is that the electrical connection characteristics of the switch device deteriorate as a result of 
the surfaces of the electrodes being modified over time by intermittent contact with the 
conductive fluid. 

Published Japanese Patent Application No. 2000-195389, assigned to the assignees of 
this disclosure and, for the United States, incorporated herein by reference, discloses a switch 
device structure that solves the above-mentioned problem. In this switch device structure, the 
electrical path is selectively changed from a connected state to a disconnected state by a 
conductive fluid such as mercury. However, the electrodes remain in constant contact with 
part of the conductive fluid, and the connected or disconnected state of the electrical path is 
determined by whether the conductive fluid exists as a single entity (connected state) or is 
separated into two or more conductive fluid portions (disconnected state). This eliminates the 

nrohlpm nf nnnr rnnnprtinnc that \a/=»c o Hirorlwonto/in ,;+^u j : _i : i i 
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published Japanese Patent Application No. S47-21645. 

In the switch device disclosed in published Japanese Patent Application No. 2000- 
195389, the material of the wall of the passage in which the conductive fluid is located has 
a low wettability with respect to the conductive fluid. Moreover, conventional manufacturing 
methods, such as anisotropically etching silicon, other types of dry etching, or a method such 
as applying a dry film, for forming the passage form the passage with a triangular, square, 
rectangular, trapezoidal or semicircular cross-sectional shape. 
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Figure 1 is a cross-sectional view of the passage of a typical prior art switch device. The 
passage 510 is formed in the silicon substrate by anisotropic etching. This design was 
proposed by J. Simon et al. in 6 J. Microelectromechanical Sys, (1997 September). The 
passage 5 1 0 has a triangular cross-sectional shape. The surface tension of the conductive fluid 
520 causes the mercury to accumulate in the middle the passage, leaving gaps between the 
conductive fluid and the corners of the passage. Such gaps allow the non-conductive fluid to 
leak from the high-pressure side to the low-pressure side during operation of the switch device, 
which reduces the ability of the non-conductive fluid to move the conductive fluid. The 
effectiveness of the non-conductive fluid to move the conductive fluid can be increased by 
increasing the capacity of the device, such as a heater, that increases the pressure in the high- 
pressure side. However, when a heater is used as the pressure increasing device, increasing 
its capacity requires that the heater have a larger surface area or that it dissipate greater 
power. This not only increases the size of the switch device and increases the power 
consumption, but also lowers the degree of freedom in design. 



The invention solves the above problems, and provides a switch device that is more 
compact and uses less power than the conventional switch devices described above. The 
improvements are accomplished by reducing the leakage of the non-conductive fluid from the 
high-pressure side to the low-pressure side during operation of the switch device. 

The invention provides a switch device comprising a pair of cavities, an elongate passage, 
a non-conductive fluid having a high electrical resistance, a conductive fluid having a high 
electrical conductivity and an electrical path. The passage is in fluid communication with the 
cavities and has a substantially elliptical cross-section over at least part of its length. The non- 
conductive fluid is disposed in each of the cavities. The conductive fluid is located in the 
passage. The electrical path is changeable between a connected state and a disconnected 
state by the non-conductive fluid separating the conductive fluid in the passage into non- 
contiguous conductive fluid portions. 

The invention additionally provides a switch device comprising a pair of cavities, an 
elongate passage, a non-conductive fluid having a high electrical resistance, a conductive fluid 
having a high electrical conductivity and a wettable material. The passage is in fluid 
communication with the pair of cavities. The passage has a cross-sectional shape that, over 
at least a portion of the length of the passage, includes a corner. The non-conductive fluid is 
located in each of the pair of cavities. The conductive fluid is located in the passage in contact 
with the non-conductive fluid from the each of the cavities. The wettable material is wettable 
by the conductive fluid, is in contact with the conductive fluid and is located in at least part 
of the portion of the length of the passage where the cross-sectional shape includes the 
corner. 



Summary of the Invention 
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Finally, the invention provides a method of making a switch device. In the method, a pair 
of plates, a non-conductive fiiid having a high electrical resistance and a conductive fluid 
having a high electrical conductivity are provided. A pair of cavities and a passage that allows 
the pair of cavities to communicate are formed in at least one of the plates The passage has 
5 a cross-sectional shape that includes a corner over at least part of its length. The plates are 
mated. A portion of the non-conductive fluid is placed in each of the cavities. The conductive 
fluid is placed in the passage in contact with the portion of the non-conductive fluid in each 
of the cavities. A wettable film that is wettable by the conductive fluid is formed on at least 
one of the plates. The wettable film is located adjacent the corner of the cross-sectional shape 
10 and extends widthways and lengthways in the passage when the pair of plates is mated. 



Brief Description of the Drawings 

Figure 1 is a cross sectional view of the channel of a conventional switch device. 
Figure 2 is a plan view showing the structure of a first embodiment of a switch device 
according to the invention. 
15 Figure 3 is a cross-sectional view along the line 3-3 in Figure 2. 

Figure 4 is a plan view showing the structure of a second embodiment of a switch device 
according to the invention. 

Figure 5 is a cross-sectional view along the line 5-5 in Figure 4. 

Figure 6 is a plan view showing the structure of a third embodiment of a switch device 
20 according to the invention. 

Figure 7 is a cross-sectional view along the line 7-7 in Figure 6. 

Figure 8 is a plan view showing the structure of a fourth embodiment of a switch device 
according to the invention. 

Figure 9 is a cross-sectional view along the line 9-9 in Figure 8. 

25 

Detailed Description of the Invention 
Preferred embodiments of the switch device according to the invention will now be 
described in detail with reference to the Figures. 

Figures 2 and 3 show the structure of a first embodiment 1 of a switch device according 
30 to the invention. Three electrodes 31 , 32, and 33 are disposed along the length of the elongate 
passage 2 that is partially filled with a conductive fluid. The electrode 32 will be called the 
center electrode. The conductive fluid is shown separated into the three conductive fluid 
portions 11, 12, and 13 that contact the electrodes 31, 32, and 33, respectively. 

The conductive fluid is preferably mercury. Gallium or another conductive material that is 
35 fluid at the operating temperature of the switch device may alternatively be used. 

Channels 41 and 42 extend from the cavities 51 and 52, respectively, to the outlets 43 
and 44, respectively, laterally offset from one another along the length of the passage between 
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the electrode 32 and the electrode 33, and between the electrode 31 and the electrode 32, 
respectively. The cavities 51 and 52 are filled with the non-conductive fluid 53 and 54, 
respectively. Heaters 61 and 62 are located in the cavities 51 and 52, respectively, for 
regulating the internal pressure of the non-conductive fluid in the cavities. The channels 41 and 
5 42 transfer the non-conductive fluid from the cavities 51 and 52, respectively, into the 
passage 2. 

The switching operation of the switch device 1 is the same as of the switch device 
described in published Japanese Patent Application No. 2000-195389. For example, the 
conductive fluid portions 12 and 13 are initially joined together to form the conductive fluid 
10 12, 13, separated from the conductive fluid portion 11. Thus, the conductive fluid 12, 13 
electrically connects the electrode 32 to the electrode 33, but the gap between the conductive 
fluid 12,13 and the conductive fluid portion 1 1 electrically isolates the electrode 32 from the 
electrode 31 . 



15 expand. The non-conductive fluid may be a gas, such as nitrogen, for example. The non- 
conductive fluid 53 passes through the channel 41 and enters the passage 2 through the outlet 
43. In the passage, the non-conductive fluid forms a gap in the conductive fluid 12, 13. The 
gap separates the conductive fluid 12, 13 into the non-contiguous conductive fluid portions 
1 2 and 1 3. Separation of the conductive fluid 12,13 into the conductive fluid portions 1 2 and 

20 13 closes the gap between the conductive fluid portions 11 and 12. The conductive fluid 
portions 11 and 12 unite to form the conductive fluid 11, 12. The conductive fluid 11,12 
electrically connects the electrode 32 to the electrode 31 . The gap between the conductive 
fluid portion 1 3 and the conductive fluid 11,12 electrically isolates the electrode 33 from the 
electrode 32. 

25 The reverse operation occurs when the heater 62 generates heat. The non-conductive fluid 

54 in the cavity 52 flows through the channel 42 into the passage 2 to form a gap in the 
conductive fluid 11, 12. The gap electrically isolates the electrode 32 from the electrode 31 . 
Formation of the gap unites the conductive fluid portions 12 and 1 3 to form the conductive 
fluid portion 12, 13. The conductive fluid 12, 13 electrically connects the electrodes 32 and 



The first embodiment of the invention provides an improvement in the cross-sectional 
shape of the passage 2 in the switch device just described to increase the operational 
efficiency and to reduce the size of the switch device. 

As shown in the cross-sectional view of Figure 3, the passage 2 in this embodiment is 
35 composed of the grooves 73 and 74 formed in corresponding positions in the major surfaces 
of the first substrate 71 and the second substrate 72, respectively. Joining the substrates 
together with their major surfaces in contact and the grooves 73 and 74 aligned with one 
another forms the passage 2. Formed as described, the passage 2 has a substantially elliptical 
cross-sectional shape, as can be seen in Figure 3. In this disclosure, unless otherwise stated, 



The heater 61 generating heat causes the non-conductive fluid 53 in the cavity 51 to 



30 33. 
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the term elliptical will be understood to encompass circular, the special case of the term 
elliptical in which the major and minor axes are of equal length. Similarly, the term semi- 
e/iiptical will be understood to encompass semicircular. 

The preferred material if the substrates 71 and 72 is glass. The grooves 73 and 74 have 
a substantially semi-elliptical cross-sectional shape and are about 0.1 to 0.2 mm wide and 
about 0.1 mm deep. The grooves are preferably formed in the substrates 71 and 72 by 
sandblasting with alumina particles, for instance. Figure 3 also shows that, when the 
conductive fluid 1 2 is put into the passage 2 having an elliptical cross-sectional shape, the 
gap, if any, that exists between the conductive fluid 12 and the wall of the passage is very 
small. 

The conductive fluid 1 2 can be put into the passage 2 at the same time as the substrates 
71 and 72 are joined together. Alternatively, the conductive fluid can be put in the groove 
formed in one of the substrates 71 and 72 before the substrates are joined. As a further 
alternative, the conductive fluid can be put into the passage 2 after the passage has been 
formed by joining the substrates 71 and 72 together. 

In a switch device having a passage 2 with an elliptical cross-sectional shape, and 
preferably formed by the method just described, the gap, if any, between the conductive fluid 
and the wall of the passage 2 is very small, as shown in the cross-sectional view of Figure 3. 
Accordingly, the switch device 1 is subject to almost no pressure leakage or gas exchange 
past the conductive fluid 12, and any increase in the pressure in each of the cavities 51 and 
52 separates the conductive fluid into conductive fluid portions more efficiently. This allows 
the size of the heaters 61 and 62 to be reduced compared with a conventional switch device, 
or allows the heaters to be operated at lower power. 

In the embodiment just described, the number of component parts is reduced by forming 
the grooves 73 and 74 in both of the substrates 71 and 72 and by making the cross-sectional 
shapes of the portions 82 and 83 of the passage 2 and of the channels 41 and 42 similar to 
that shown in Figure 3. However, according to the invention, only the portion 81 of the 
passage 2 that extends between the openings 43 and 44 of the channels 41 and 42, 
respectively, must have a substantially elliptical cross-sectional shape and are preferably 
formed by forming grooves having a substantially semi-elliptical cross-sectional shape in both 
of the first and second substrates 71 and 72. The portions 82 and 83 of the passage 2 and 
the channels 41 and 42 may alternatively have a semi-elliptical cross-sectional shape and may 
be formed by forming a groove in only one of the substrates 71 and 72. 

Figures 4 and 5 illustrate a second embodiment 101 of a switch device according to the 
invention. The second embodiment of the switch device shown in Figures 4 and 5 is similar 
to the first embodiment of the switch device shown in Figures 2 and 3. Elements of the second 
embodiment having a similar function to elements of the first embodiment are indicated using 
the same reference numerals with 100 added and will not be described again. 
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In the second embodiment 101, the passage 102 has a semi-elliptical cross-sectional 
shape. The cross-sectional shape includes the corners 184 and 185 between the straight 
portion 186 and the semi-elliptical portion 187. The wettable metal film 188 is located on a 
portion of the major surface of the substrate 172 that bounds part of the passage 102. 



is by forming the groove 175 having a semicircular or semi-elliptical cross-sectional shape in 
the first substrate 171 and joining the first substrate 171 to the first substrate 172 in which 
no groove is formed, as shown in Figure 5. 

The wettable metal film 188 is located on part of the major surface of the substrate 172 
O in a region located at or near half-way between the openings 1 43 and 1 44 of the channels 141 
and 142. The wettable metal film extends lengthways along the length of the passage 102 
towards both openings. The wettable metal film additionally extends widthways preferably at 
least as far as the corners 184 and 185 between the groove 175 and the substrate 172. 
Figure 5 shows the wettable metal film extending beyond this corner to ensure that the 
5 wettable metal film is present at the corners 184 and 185 notwithstanding alignment errors 
between the substrates 171 and 172. 

The material of the wettable metal film 1 84 is a metal that is wetted by the conductive 
fluid 112. Preferably, the wettable metal film is composed of thin films of chromium, nickel 
and gold. These films are deposited in order by vacuum deposition on the major surface of the 
substrate 172 for form the desired shape of the wettable metal film. Alternatively, the 
wettable metal film can include platinum, copper, tungsten, molybdenum, titanium, tantalum, 
iron, cobalt, palladium, or a combination of two or more of these metals. In the example 
shown, the wettable metal film also serves as the center electrode and is indicated as such by 
the reference numeral 132 in Figure 5. However, this is not critical to the invention. The 
switch device may additionally include a center electrode separate from the wettable metal 
film. 

The preferred material of the substrates 171 and 172 is glass, and the groove 175 is 
preferably formed in the first substrate 171 by sandblasting with particles such as alumina. 

In a preferred embodiment, all three electrodes 131, 132 and 133 are formed simulta- 
neously by the same thin film deposition process. 

In the second embodiment 1 01 of the switch device that includes the wettable metal film 
188 located part-way along the length of the passage 102, the gap, if any, between the 
conductive fluid 1 12 and the passage is very small, as shown in the cross-sectional view of 
Figure 5. The small size of the gap is due to the effect of the semi-elliptical cross-sectional 
shape of the passage in the portion of the cross section of the passage having this cross- 
sectional shape, and the conductive fluid wetting the wettable metal film in the vicinity of the 
corners 184 and 185 between the semi-elliptical portion 187 and the straight portion 186 of 
the cross-sectional shape. Accordingly, the switch device 101 is subject to almost no pressure 
leakage or gas exchange past the conductive fluid, and any increase in the pressure in each 



5 



The preferred way of forming the passage 1 02 with a semi-ellipticaJ cross-sectional shape 
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of the cavities 151 and 152 moves or delorms the conductive fluid more efficiently. This 
allows either or both of the si*e and power dissipation of the heaters 161 and 162 to be 
reduced compared with a conventional switch device. 

An advantage of the second embodiment 101 over the first embodiment 1 is that there 
5 is no need to form a groove in both of the substrates. Additionally, whereas the efficiency of 
the first embodiment may be reduced if the alignment between the substrates 71 and 72 is 
not correct, the second embodiment provides some alignment tolerance by making the 
wettable metal film 188 located on the second substrate 172 wider than the width of the 
groove 175 formed on the first substrate 171, as noted above. 
10 Figures 6 and 7 illustrate a third embodiment 201 of a switch device according to the 

invention. Elements of the third embodiment having a function similar to elements of the first 
embodiment 1 are indicated using the same reference numerals with 200 added and will not 
be described again. In the third embodiment, the wettable metal film 288 is located both on 
the major surface of the substrate 272 and in the groove 275 formed in the substrate 271, 
15 and therefore substantially surrounds the passage 202. The wettable metal film is located at 
or near half-way between the openings 243 and 244 of the channels 241 and 242, 
respectively. The wettable metal film extends lengthways along the length of the passage 202 
towards both openings. The wettable metal film extends widthways to surround the passage 
202. 

20 The third embodiment 201 of the switch device is made using a process similar to that 

described above for making the second embodiment 101 . However, after the groove 275 has 
been formed in the substrate 271, metal films of chromium, nickel, and gold are deposited in 
order by masked vapor deposition into the groove 275 to form the wettable metal film portion 
288a. The wettable metal film portion 288b is also formed approximately in the middle of the 

25 major surface of the second substrate 272. The wettable metal film portion 288b is also 
formed by vapor depositing and patterning thin films of chromium, nickel, and gold in that 
order. 

In the example shown, the wettable metal film 288 also serves as the center electrode 
and is indicated as such by the reference numeral 232 in Figure 7. However, this is not critical 
30 to the invention, as noted above. 

The gap, if any, between the conductive fluid 212 and the passage 202 is very small, as 
shown in the cross-sectional view of Figure 7. This is because the entire the region of the 
passage 202 that is surrounded by the wettable metal 288 is wetted by the conductive fluid 
21 2. Accordingly, the third embodiment of the switch device can be driven with lower power 
35 and more efficiently than the first and second embodiments. 

Figures 8 and 9 illustrate a fourth embodiment 301 of a switch device according to the 
invention. Elements of the fourth embodiment having a function similar to elements of the first 
embodiment 1 are indicated using the same reference numerals with 300 added and will not 
be described again. In the fourth embodiment, the passage 302 has a polygonal cross-sectional 
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shape. In the example shown in Figure 9. the passage 302 has a triangular cross-sectional 
shape as the most critical example of a polygonal shape. 

The preferred material of the f.rst substrate 37! in the fourth embodiment is silicon The 
s.hcon substrate is anisotrop.cally etched using potass.um hydroxide or another suitable 
5 etchant to form the groove 377 with a triangular cross sect.on. As in the third embodiment 
the wettable metal film 388 surrounds the passage 302 in a region centered on the mid-point 
between the outlets 343 and 344 of the channels 34! and 342. The wettable metal film 
port.on 388a is deposited in approximately half-way along the length of the groove 377 and 
the wettable metal film portion 388b is deposited approximately in the middle of the major 
10 surface of the second substrate 372. The wettable metal film portions are formed by vapor 
depositing and patterning thin films of chromium, nickel, and gold in that order. 

Notwithstanding the tr.angular cross-sectional shape of the passage 302, the gap, if any 
between the conductive fluid 312 and the passage 302 is very small, as shown in the cross- 
sect.ona. view of Figure 9. This is because the ent.re region of the passage 302 that is 
1 5 surrounded by the wettable metal film is wetted by the conductive fluid 312. 

Unlike the embodiments 1, 101 and 201 described above, the fourth embodiment 301 
can be fabricated using anisotropic etching. Forming the groove 377 using anisotropic etching 
enables the dimensions of the groove to be controlled more accurately. This enables the groove 
to be made narrower and the entire switch device to be made smaller. Similar advantages are 
obtamed when conventional dry etching is used instead of anisotropic wet etching 
Furthermore, the wettable metal film 388 was made by masked vapor deposition in the 
example described. However, the wettable metal film can alternatively be made using a resist 
formation method involving plating, for example. 

The structure for minimizing the size of the gap between the conductive fluid and the inner 
walls of the passage was described above as being provided in the central region 81 of the 
passage 2 between the outlets 43 and 44 of the channels 41 and 42 connecting the passage 
to the cavities 51 and 52. However, it is advantageous to provide this structure additionally 
.n the outer regions 82 and 83 of the passage. The outer regions having such a structure 
latches the separated conductive fluid portions at specified locations when the conductive fluid 
-s separated as shown in the F.gures. This prov.des smoother and more reliable operation of 
the switch device. 

Accordingly, a method and apparatus have been provided for reducing the size, improving 
the efficiency, and reducing the power consumption of a miniature switch device in which a 
conductive fluid is used. 

35 Implementing the present invention yields a switch device that is higher in efficiency 

smaller in size, and lower in cost than conventional switch devices. By minimizing or 
ehm.nating the gap between the conductive fluid and the passage, the increased interna, 
pressure generated by the heater in one of the cavities will not leak into the other cavity so 
the capability of the heater to separate the conductive fluid is maxim.zed. According.y the 
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switch device can be produced with a smaller heater, or the heater can be driven at a lower 
power, among other advantages. 

One advantage of the present invention is that it provides a switch device that is more 
compact and uses less power. This is accomplished by reducing the leakage from the high- 
5 pressure side to the low-pressure side during operation of the switch device. 

According to the invention, a switch device that includes a small amount of a conductive 
fluid can be made smaller, its efficiency increased, and its power consumption reduced by 
defining the one or both of the cross-sectional shape and surface properties of the passage in 
which the conductive fluid is located as follows: 
D (1) The cross-sectional shape of the passage is substantially elliptical; 

(2) The cross-sectional shape of the passage is substantially semi-elliptical and the cross- 
sectional shape includes a straight portion made from a wettable material that is wetted by the 
conductive fluid; and 

(3) The cross-sectional shape of the passage is polygonal and the inner wall of the 
5 passage is made of a wettable material that is wetted by the conductive fluid. 

The terms elliptical and semi-elliptical as used in this disclosure not only express pure 
mathematical shapes but also express shapes that approximate such mathematical shapes. 
Moreover, these shapes ignore fine irregularities that may exist in the surface of the inner wall 
of the passage. Additionally, there may be irregularities that are discontinuous in the 
lengthwise direction on the inner wall. 

When a drop of a conductive fluid, e.g., mercury, is put in a passage adjacent a non- 
conductive fluid, e.g., nitrogen gas, the conductive fluid will have a radius of curvature that 
is equal to or greater than the radius of curvature of the surface of the conductive fluid in 
contact with the non-conductive fluid. As a result, the gap will exist, but the gap will be no 
more than a few microns wide. 

The foregoing description of a preferred embodiment of the invention has been presented 
for purposes of illustration and description. It is not intended to be exhaustive or to limit the 
invention to the precise form disclosed, and modifications and variations are possible in light 
of the above teachings or may be acquired from practice of the invention. The embodiments 
were chosen and described in order to explain the principles of the invention and its practical 
application to enable one skilled in the art to utilize the invention in various embodiments and 
with various modifications as are suited to the particular use contemplated. It is intended that 
the scope of the invention be defined the claims appended hereto, and their equivalents. 
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Claims 



We claim: 



1 . A switch device ( 1 ), comprising: 
a pair of cavities (51 , 52); 

an elongate passage (2) in fluid communication with the cavities, the passage having a 
length and having a substantially elliptical cross-section over at least part of its length; 

a non-conductive fluid (53, 54) having a high electrical resistance disposed in each of 
the cavities; 

a conductive fluid (11, 12, 13) having a high electrical conductivity located in the 
passage; and 

an electrical path (e.g., 31, 32) changeable between a connected state and a discon- 
nected state by the non-conductive fluid separating the conductive fluid (11, 12, 13) in the 
passage into non-contiguous conductive fluid portions (e.g., 11 and 12, 13). 

2. The switch device of claim 1, in which: 

the switch device additionally comprises a pair of plates (71 , 72); and 
the passage comprises opposing grooves (73, 74), one in each of the plates, the 
grooves extending into the plates in a depth direction and having a substantially semi- 
elliptical cross section. 

3. The switch device of claim 2, wherein the grooves are formed by sandblasting. 

4. The switch device of claim 1, in which: 

switch device additionally comprises a channel (41, 42) extending from each of the 
cavities and terminating in an opening (43, 44) in the passage; and 

the passage has the substantially semi-elliptical cross section in a portion of its length 
between the openings. 

5. The switch device of claim 1, in which: 

switch device additionally comprises a channel (41, 42) extending from each of the 
cavities and terminating in an opening (43, 44) in the passage; 

during operation, the non-conductive fluid separates the conductive fluid (11, 12, 13) 
into the conductive fluid portions (e.g., 1 1 and 12, 13) located in the passage at separation 
locations positioned on both sides of at least one of the openings; and 

the passage has the substantially semi-elliptical cross section in portions of its length 
that correspond to the separation locations. 
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6. A switch device (101, 201, 301), comprising: 
a pair of cavities (151, 1 51 ; 251, 252; 351, 352); 

an elongate passage (102, 202, 302) in fluid communication with the pair of cavities, 
the passage having a length and a cross-sectional shape, the cross-sectional shape over at 
5 least a portion of the length of the passage including a corner (184, 185; 284, 285; 384, 



a non-conductive fluid (153, 154; 253, 254; 353, 354) having a high electrical 
resistance disposed in each of the pair of cavities; 

a conductive fluid (111, 112, 113; 211. 212, 213; 311, 312, 313) having a high 
10 electrical conductivity located in the passage and in contact with the non-conductive fluid 
from each of the cavities; and 

a wettable material (188, 288, 388) wettable by the conductive fluid, the wettable 
material being in contact with the conductive fluid and being located in at least part of the 
portion of the length of the passage where the cross-sectional shape includes the corner 
15 (184, 185; 284, 285; 384, 385). 

7. The switch device of claim 6, in which: 

the switch device additionally comprises a mated pair of plates (171, 172; 271, 272; 



the pair of cavities and the passage are formed in the mated pair of plates; 

at least part of the passage that is substantially in contact with the conductive fluid is 
formed by disposing a groove (175, 275, 377) made in one (171, 271, 371) of the mated 
pair of plates opposite a major surface of the other (1 72, 272, 372) of the mated pair of 
plates to form the corner at the intersection between the groove in the one of the mated 
pair of plates and the major surface of the other of the mated pair of plates. 

8. The switch device of claim 7, in which the groove (175, 275) has a substantially 
semi-elliptical cross section. 

9. The switch device of claim 7, in which the groove (377) has a substantially 
polyhedral cross section. 

10. The switch device of claim 7, in which the groove (377) is formed by etching. 

11. The switch device of claim 6, in which the wettable material includes a patterned 
wettable metal film (188; 288a, 288b; 388a, 388b) on at least one of the mated pair of 
plates. 



385); 



371, 372); 



12. The switch device of claim 6, in which the wettable material includes an electrode. 
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13. The switch device of claim 6, in which: 

the switch device additionally comprises a channel (141, 142; 241, 242; 341, 342) 
extending from each of the pair of cavities and terminating in an opening (143, 144; 243, 
244; 343, 344) in the passage; 

the wettable material is located in a portion of the passage between the openings. 

14. The switch device of claim 6, in which: 

the switch device additionally comprises a channel (141, 142; 241, 242; 341, 342) 
extending from each of the pair of cavities and terminating in an opening (143, 144; 243, 
244; 343, 344) in the passage; 

during operation, the non-conductive fluid separates the conductive fluid into non- 
contiguous conductive fluid portions (e.g., 111 & 112, 113) located in the passage at 
separation locations on either side of one of the openings; and 

the wettable material is located in portions of the passage corresponding to the 
separation locations. 

15. A method of making a switch device, the method comprising: 

providing a pair of plates, a non-conductive fluid having a high electrical resistance and 
a conductive fluid having a high electrical conductivity; 

forming, in at least one of the plates, a pair of cavities and a passage that allows the 
pair of cavities to communicate, the passage having a length and a cross-sectional shape, 
the cross-sectional shape including a corner over at least part of the length; 

mating the plates; 

placing a portion of the non-conductive fluid in each of the cavities; 

placing the conductive fluid in the passage in contact with the portion of the non- 
conductive fluid in each of the cavities; and 

forming a wettable film that is wettable by the conductive fluid on at least one of the 
plates, the wettable film being located adjacent the corner of the cross-sectional shape and 
extending widthways and lengthways in the passage when the pair of plates is mated. 

16. The method of claim 15, in which forming the wettable film includes forming the 
wettable film on both of the plates, so that when the plates are mated, the wettable film 
surrounds the passage along at least part of the length of the passage. 



17. The method of claim 15, in which, forming the wettable film includes forming the 
wettable film substantially in the form of a band surrounding the passage. 
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18. The method of claim 15, in which: 

forming the cavities and the passage comprises forming a channel that extends 
between each of the cavities and the passage, the channel terminating in an opening at the 
passage; 

in forming the wettable film, the wettable film is formed between the openings. 

19. The method of claim 15, in which: 

forming the cavities and the passage comprises forming a channel that extends 
between each of the cavities and the passage, the channel terminating in an opening at the 
passage; 

during operation, the non-conductive fluid separates the conductive fluid into portions 
located in the passage at separation locations on either side of at least opening; 

in forming the wettable film, the wettable film is formed in portions of the passage 
corresponding to the separation locations. 
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